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ABSTRACT 
Indigenious water microflora as well as the presence of metal- and xenobiotic biotrans-
forming bacteria were investigated in waters near the KCM Pb-Zn smelter, South Bul-
garia. Content of As, Hg, Cd, Mn, Pb, Cu and Zn exceeded in times the maximum permis-
sion standart. Absence of some microbial groups demonstrated a change in the microbial 
community structure in the region. Ecotoxicology test ISO/DIS 10712.2 displayed toxic 
environmental effect of the polluted waters, especially one of them which demonstrated 72 
% ofn ecotoxicity. More than 20 ecologically relevant new bacteria were cultured. Three 
of them demonstrated tolerance to Cd, Cu and Mn and five- a tolerance to 2,4-dichlor-
phenoxyacetic acid. Our result revealed that the heavy metal pollutions reduced the mi-
crobial diversity in the studied waters, are ecotoxic as well as that some of newly isolated 
bacteria possess a capacity for a clean-up biotechnologies in the region.  
 
Introduction 
Microbial-metal transformations represent 
a key component to metal cycling in natural 
systems (14, 22). Metal transformations in 
the environment are dominated by redox 
reactions, complexation of organic and in-
organic compounds and cycling among 
soluble and insoluble forms (3). Moreover 
bacterial cells living in extreme metal con-
centrations possess an essential for their 
survival ability to resist such stress (5, 19) 
The ability of microorganisms to grow in 
the presence of high metal concentrations 
results from specific mechanisms as: extra-
cellular precipitation and exclusion of 
metal ions, binding of the metal ions to the 
outer surface of bacteria and its intracellu-
lar sequestration. Binding of metal cations 
on the surface of bacterial cells has become 
one of the most attractive means for metal 
biotranformation. Those metals which pos-
sess electron configurations containing 10 
to 12 outer-shell electrons are often toxic to 
organisms at relatively low concentrations. 
This group of metals include Hg2+, Ag+, 
Cu+, Cd2+, Zn2+ and Pb2+ (18). At higher 
concentrations heavy-metal ions form un-
specific complexes in the cell, which lead 
to toxic effects for human health (20). 
Metal-microbe interactions have an impor-
tant role in several biotechnological appli-
cations including biomineralization, biore-
mediation, bioleaching and microbial cor-
rosion and have gained growing attention 
in recent years (10). This development in-
clude the use of indigenious isolates as 
pure cultures or microbial consortia that are 
capable to mobilize and immobilize metal 
ions. Extremely difficult for bioremediation 
are the co-contaminated with metals and 
pesticides environments. Phenolic pesti-
cides are hazardous and exhibit acute or 
chronic toxicity (23). Several genetic 
mechanisms may contribute to the adaptive 
response of bacteria to them (27). The 
problem of pollution with mixed wastes, 
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especially environments co-contaminated 
with metals and pesticides, requires isola-
tion of strains that have metal- and hydro-
carbon biotransforming capabilities (8, 12, 
26). 
Therefore a major goal of environmental 
biotechnology is to establish a highly effi-
cient biological processes that use naturally 
existing catabolic potential for the elimina-
tion and detoxification of hazardous 
chemicals. 
The aim of the present work was to de-
rive information about the values of the 
metal pollution in waters collected near 
KCM (Kombine of coloured metals), to 
investigate the effect of pollutants on the 
microbial community structure as well as 
their ecotoxicology. In addition to isolate 
and characterize novel bacterial cultures 
from the polluted waters and to select the 
most metal- and pesticides tolerant of them.  
Materials and Methods 
Site history and water sampling 
The investigations were carried out in the 
region with strong industrial activity in 
South Bulgaria where the KCM-S.A and 
“AGRIA” plants are located. KCM-S.A. is 
the biggest lead-zinc smelter in Bulgaria. 
Its activity started in 1961 and now pro-
duce 56,000 t/y of zinc, 48,000 t/y of lead, 
some precious metals and their alloys. 
“AGRIA” is a factory for producing of ag-
rochemicals for plant protection. with out-
put sheet including more than 40 herbici-
des, fungicides and insecticides. Both en-
terprises have been working for decades 
and cause a co-contamination with heavy 
metals and pesticides of soils and waters in 
the area.  
Out of 30 water monitoring points were 
pre-selected three highly contaminated 
water samples. Water samples were col-
lected in March 2002 near the KCM fac-
tory (see Fig. 1) 
Sample No1 is a groundwater, taken 
from a borehole at 6m depth; sample No 2- 
a   water   from  the   industrial  wastewater  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Location of water samples. ground water; 2- 
industrial wastewater; 3- surfacewater from 
Chepelarska river. 
 
channel of KCM, which flow in Chepelar-
ska river and sample No 3 is a surface wa-
ter from Chepelarska river, taken exactly 
after the influx of both wastewater chan-
nels of KCM and AGRIA factories. 
The samples were collected in sterile 
conditions, transported in ice to the labo-
ratory and kept in refrigerator at 4 ºC. The 
analyses started not later than 24h after 
collecting. 
Metal-content analysis 
The presence of following elements Ag, 
Al, As, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, 
Ga, Hg, In, K, Li, Mg, Mo, Na, Ni, Pb, Se, 
Si, Sn, Sr, Te, Ti, Tl, U, V and Zn was in-
vestigated (21). The analyses were carried 
out by HR-ICP-AES Jobin Yvon ULTIMA 
2 (France), in conformity with ISO 11885.  
Microbial community structure analysis 
Count of viable microbial cells was deter-
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mined by the plate- or liquid media count 
methods. Using 10 ml of polluted waters a 
serial dilutions were prepared and spread 
on selective agar plates and further culti-
vated for 2, 5 and 7 days at 30 or 37 ºC. 
The amount of the following bacteria was 
analysed: heterotrophic aerobs, heterophic 
anaerobs, sporeforming bacteria, denitri-
fying bacteria, amonifying bacteria, nitri-
fying bacteria, Fe(II)-oxidizing bacteria, 
Mn(II)-oxidazing bacteria, Fe(III)-reducing 
bacteria, Mn(IV)-reducing bacteria, col-
ourless sulphur bacteria, Acidithiobacillus 
thiooxidans, Acidithiobacillus ferrooxi-
dans, Acidithiobacillus denitrificans, Acid-
ithiobacillus thioparus, cellulose degra-
dating bacteria, oligocarbophiles, actinomi-
cetes and fungi (1, 2, 4, 13, 16, 25). All 
chemicals used in the analysis were deli-
vered from MERCK and FLUKA (Ger-
many). Nutrient media were supplied by 
DIFCO (USA). 
Isolation of novel bacteria 
Bacterial cultures were isolated at the end-
point serial dilution of agar plates The iso-
lation of microorganisms was carried out 
by methods described elsewhere (11). The 
criterion of selectivity of novel bacteria 
was their colony morphology. Novel het-
erotrophic aerobes were named R and the 
sporeforming isolates- RG). All of them 
were maintained at 4 ºC and stored in gly-
cerol at –20 ºC for further investigation. 
Ecotoxicology test 
The ecotoxicological test was performed 
according the ISO/DIS 10712.2: Interna-
tional Standart test method for determining 
the inhibitory effect of surface, ground and 
waste water on Pseudomonas putida DSM 
50026: (1995) (9). 1 ml of mid-exponential 
phase P. putida was mixed with 5 mL of 
each water sample and 4 mL minimal me-
dium and further cultivated for 
16h/22 ºC/180 rpm. In the control instead 
of contaminated water an equivalent vol-
ume of mineral medium was added. Each 
sample was analysed spectrophotometri-
cally at 450 nm using Specol 11 (Carl 
Zeiss, Jena). Minimal medium contained 
for precultrure 1g NaNO3, 0.24 g K2HPO4, 
0,12 g KH2PO4, 0.1 g yeast extract, 10g 
glucose, 0.4 g MgSO4, 0.0001 g Fe citrat in 
1000 mL dH2O and was autoclavated for 
20 min at 0.5 atm. For the test culture the 
yeast extract and glucose were eliminated 
according to the ISO protocol. 
Tolerance to heavy metals and 2,4-D 
The novel bacterial cultures were tested for 
tolerance towards the most dangerous for 
the environment and the human health me-
tallic cations and the herbicide 2,4-dichlor-
phenoxiacetic acid (2,4-D). Stock solutions 
of metals were prepared in distilled water 
from salts CuSO4, ZnSO4, Pb(NO3)2, МnSO4, CdCl2 (MERCK) and were sterili-
zed at 0,8 atm/20min (7). Bacterial isolates 
were grown at 30 ºC in presence of above 
mentioned metals and counted at 24 h, 48 h 
and 72 h C. The final metal concentrations 
were 1mM CuSO4, 1mM ZnSO4, 4mM 
Pb(NO3)2, 20мМ МnSO4 and 0,5mM 
CdCl2. The minimal medium was prepared 
according to ISO protocol as above de-
scribed. The isolated bacterial cultures 
were also tested for tolerance to the chlor-
phenolic herbicide 2,4-dichlorphenoxiace-
tic acid (C8H6Cl2O3) (MERCK). 2,4-D is a 
poorly degradable and third worldwide 
distributed herbicide and defoliant. Bacte-
ria were grown in mineral medium medium 
containing per liter 1g NaNO3, 0.24 g 
K2HPO4, 0,12 g KH2PO4, 0.1 g yeast ex-
tract, 10g glucose, 0.4 g MgSO4, 0.0001 g 
Fe citrat, with 0.1mM and 1mM 2,4-D 
added with 0.1mM and 1mM 2,4-D added. 
The cultivation of bacteria was performed 
for 48 h at 30 ºC. 
Results and Discussion 
The metal-content analysis of all waters 
demonstrated pollution with As, Hg, Cd, 
Mn, Pb, Cu and Zn. The amount of these 
elements is significant in waste and river 
waters (see Table 1). As the high metal 
content in industrial wastewater is regular, 
the probable reason for the strong pollution  
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TABLE 1 
Metal content in waters near KCM-AGRIA (mg/l) 
Sample As Hg Cd Mn Pb Cu Zn 
No 1 0.148 0.069 0.136 0.140 0.683 0.742 1.46 
No 2 0.018 0.004 1.597* 2.175 1.47 0.09 58.22 
No 3 0.013 0.023 1.538 1.714 0.144 0.01 33.29 
* Bold numerals show the values exceeding maximum permission limit.  
0
1
2
3
4
5
6
7
8
Ln 
 
cheterotroph aerobs
cheterotroph anaerobs
sporeforming bacteria
denitrifying bacteria
amonifying bacteria
nitrifying bacteria
Fe (II)- oxydizing
Mn (II)-oxydizing bacteria
Fe (III)-reducing bacteria
Mn (IV)-reducing bacteria
colourless sulphur bacteria
sulphate reducing bacteria
oligocarbophyles
actinomycetes
fungi
ground water industrial waste water river water
 
Fig. 2. Quantitative analysis of microbial community in KCM-AGRIA waters. 
 
of river water if the flow of wastewaters 
from both factories. The amount of the re-
maining studied metals did not exedded the 
maximum permission standart. The ex-
perimental data concerning chemical spe-
cies showed a prevalence of the simple 
cationic forms of the metals. An indispu-
table pollution with mobile metals and As 
was registered in the region while the arse-
nic was also registered in the ground water 
and could further pollute the drinking water. 
The strong metal contaminations influ-
enced the microbial community structure in 
studied waters. The amount of some bacte-
ria was detected to be reduced and some 
microbial groups absent at all. 
The quantitative microbial analyses ex-
hibited a pronounced prevalence of che-
terotrophic aerobes in investigated waters: 
108 cells/ml for industrial wastewater and 
107 cells/ml for ground- and river wa-
ters.These bacteria require organic supple-
ment for growth. Among this bacteria are 
the members of genus Bacillus and Pseu-
domonas, recognized as the most success-
ful one in the metal solubilization (see 
Fig. 2). 
The group of sporeforming bacteria was 
found with 105 cells/ml for all three sam-
ples. The high number of sporeforming 
bacteria is indicative for an extreme envi-
ronment. 
Denitrifying, amonifying and nitrifying 
bacteria showed concentrations of 105 
cells/ml in groundwater and between 102 
and 105 cells/ml in waste- and river waters. 
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Amonifying bacteria are chiefly responsi-
ble for the mineralization of proteins to the 
accessible for plants nitrogen. Under the 
action of nitrifying bacteria NH3 obtained 
during amonification oxidize to nitrates. 
The reduction of nitrates to nitrites, ammo-
nia and molecular oxygen is performing by 
denitrifying bacteria. These bacterial 
groups form an important part of bacterial 
community as an indicator for environ-
mental change. 
The presence of metal-transforming bac-
teria was also studied. Mn(II)- and Fe(II)-
oxidizing bacteria of genus Leptotrix were 
presented in all samples with level of 104-
105 cells/ml. Recent research on the dis-
similatory metal-reducing microorganisms 
has focused on their role in bioremediation 
of metal-polluted subsurface environments 
(15). These microorganisms consume the 
small amount of oxygen typically available 
in ground water and develop anoxic condi-
tions. Fe(III)-reducing microorganisms de-
grade organic pollutants within contami-
nated aquifers and convert U(VI) to U(IV). 
Fe(III)-reducing bacteria absent in the 
groundwater but were found in waste and 
river waters at concentration of 104 
cells/ml. Mn(IV)-reducing bacteria were 
detected in samles 1 and 2 but not in the 
sample 3. 
Sulphate reducing bacteria (SRB) which 
reduce sulphate to hydrogen sulphide in 
anaerobic conditions and mediate the pre-
cipitation of toxic metals as As(V), Cr(VI), 
Tc(VI) and U(VI). SRB were detected in 
equal amount- 104 cells/ml in all investi-
gated waters. 
Colourless sulphur bacteria are unified in 
three genera Beggiatoa, Thioploca and 
Thiotrix. Their amount was found to be 104 
cells/ml in all water samples. 
Cellulose degrading bacteria and oligo-
carbophiles displayed amount of 102-103 
cells/ml. 
Actinomycetes participate the decompo-
sition of plant's and animal's scrap. No re-
presentative of them was detected in any 
water sample. 
Microscopic fungi are able to leach metal 
cations from solid wastes. Some of them 
produce organic acids which can solubilize 
and complex metal cations. Fungi were 
also not detected in any of waters.(see Fig. 
2). As actinomycetes and fungi appear also 
as an indicator for environmental pollution 
their absence demonstrated a change in the 
microbial community structure in the ex-
amined waters. 
The most active in bioleaching bacteria 
of genus Acidithiobacillus were subject of 
special investigation. These bacteria are 
Gram-negative, non-sporeforming rods 
growing under aerobic conditions. Most 
thiobacilli are chemolithoautotrophic spe-
cies which use the carbon dioxide from the 
atmosphere as their carbon source for the 
synthesis of new cell material (29). The 
energy derives from the oxidation reduced 
sulphur compounds as final oxidation 
product- sulphate (6, 17). Acidithiobacillus 
thiooxidans and Acidithiobacillus denitrifi-
cans were poorly presented in all waters 
with 102-103 cells/ml. 
Acidithiobacillus novelus and Acidithio-
bacillus thioparus were found only in 
groundwater at concentration 104 cells/ml. 
The problem of pollution with mixed 
wastes, especially of environments co-
contaminated with both metals and herbi-
cides, requires isolation of strains that are 
both metal-resitant and possess herbicide 
degradative capability. Total of 18 novel 
indigenious bacterial isolates were investi-
gated for heavy metal resistance. Results 
revealed that three of them demonstrate 
metal resistance. Data are shown in Table 2. 
All novel bacterial isolates were also 
screened for herbicide-resistance to 2,4-
dichlorphenoxyacetic acid.. Isolates R5, 
R10 and RG10 exibited a tolerance to 1 mМ 
2,4-D. 
Ecotoxicological test (ISO 10712) dis-
played that all three water samples inhibit 
in different extent the growth of the type 
strain  Pseudomonas  putida  DSM  50026.  
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TABLE 2 
Metal tolerance of novel bacterial cultures 
Novel isolate Sample Tolerance 
R6* 2 0.5 mM CdCl2 
RG1** 1 20 mM MnS04 
RG7 1 20 mM MnS04 
* cheterotrophic aerob; **sporeforming bacteria 
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Fig. 3. Ecotoxicology test– ISO/DIS 10712.2. 
 
The industrial wastewater (sample 2) de-
monstrate the greatest inhibition effect- 
72%, while the groundwater (sample 1) and 
river water (sample 3) inhibited the growth 
of this strain at 46% and 44% respectively 
(see Fig. 3). 
Conclusions 
Our results suggest that the microbial 
community responds to long term As, Hg, 
Cd, Mn, Pb, Cu and Zn contamination 
trough changes in microbial community 
structure and selection of tolerance. In 
some of waters was found absence of sul-
phur-, Fe- and Mn reducing bacteria as well 
as actinomycetes and fungi. All investi-
gated waters manifest ecotoxicity. Three of 
the novel bacterial cultures display tole-
rance to heavy metals- R6- to Cd, RG7- to 
Cu and RG1- to Mn. Three of the isolates 
demonstrated 2,4- D tolerance. Further the 
biotransformation capacity of some novel 
bacteria will be investigated with perspec-
tive for their application in a clean-up bio-
technologies in the region.  
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